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(54) Nonaqueous-electrolyte secondary battery 

(57) A nonaqueous-electrolyte secondary battery 
(1 ) is disclosed which is capable of maintaining satisfac- 
tory adhesiveness of leads (3,4) of terminals of elec- 
trodes In heat-welded portions of a case (2) of the non- 
aqueous-electrolyte secondary battery without deterio- 
ratk>n of the moistureproofing characteristics. A battery 
lement is accommodated in a case constituted by lam- 
inated films such that the battery element is encapsu^ 
lated by heat welding. Leads of terminals of electrodes 



electrically conducted with the electrodes which consti- 
tute the battery element are exposed to the outside por- 
tion of the nonaqueous-electrolyte secondary battery 
through heat-welded portions. Portions of the leads of 
the terminals of the electrodes corresponding to the 
heat-welded portions are coated with an olefine adhe- 
sive layer containing a titanate coupling material and a 
coating layer made of resin which is the same as resin 
which forms the Innermost layer of each of the laminated 
films. 
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D scription 

BACKGROUND OF THE INVENTION 
Field of th Invention 

[0001] The present invention relates to a nonaqueous-etectrolyte secondary battery incorporating a battery device 
accomnnodated in a case constituted by a laminated film, and more particularly to an Improvement In a portion for heat- 
welding leads of terminals of electrodes and the case of the battery to each other. 



Description of the Related Art 

[0002] — In recent year, a variety of portable nlectronic apparatuses including a camcoder, a portable telephone and 

a portable computer have been marketed. Under the foregoing circumstances, reduction In the size and weight of the 
IS foregoing electronic apparatuses has been attempted. As a portable power source for the electronic apparatus, a 
battery, in particular, a secondary battery, and more particularly, nonaqueous-electrolyte secondary battery (a so-called 
lithium Ion battery) have energetically been researched and developed to realize a battery which has a small thickness 
and which can be fokJed. 

[0003] As an electrolyte of the shape variable battery, research and development of solidified electrolytic solution 
so have energetically been performed. In particular, a solid polymer electrolyte having a structure that lithium salt is dis- 
solved in a gel electrolyte which is a solid electrolyte containing a plasticizer has attracted attention. 
[0004] On the other hand, research and development have been performed about a variety of batteries of a type 
which is encapsulated in laminated films obtained by bonding plastic films or a plastic film and a metal member to each 
other to use the advantages of the battery of the foregoing type that the thickness and weight can be reduced. It is an 
2S important fact for a battery of the foregoing type to realize reliable sealing characteristic as well as or better than that 
of a metal tube. 

[0005] To meet the foregoing requirement, an attempt has been suggested in, for example, Japanese Patent Laid- 
Open No. 56-71 278. According to the disclosure, leads coated with resin are used to draw out terminals of electrodes 
from a sheet member which encapsulates a battery so as to improve. sealing characteristics. 

30 [0006] In Japanese Patent Laid-Open No. 3-62447, an attempt has been suggested to Improve the sealing charac- 
teristics by using polyethylene denatured with acrylic acid or polypropylene denatured with acrylte acid as the resin 

mpioyed to form the seal portion of the encapsulating member. 
[0007] Another attempt has been suggested in, for example, Japanese Patent Laid-Open No. 9-288998, According 
to the disclosure, leads coated with polyolefine resin denatured with maleic acid are used to draw out terminals of 

3S electrodes from a sheet shape member which encapsulates a battery Also the sealing portion of the sheet shape 
member for encapsulating the battery is made of polyolefine resin denatured with malek: acfd. Thus, the sealing char- 
acteristic can be improved. 

[0008] The method disclosed in Japanese Patent Laid-Open No. 56-71 278 having the structure that the member for 

encapsulating the battery is made of one type of the resin, however, encounters inward penetration of water through 
40 the resin. What is worse, penetratbn and volatilization of the electrolytic solution cannot be prevented. Therefore, the 

foregoing method cannot preferably be applied to a battery which uses a solid electrolyte composed of organic solvent. 

[0009] The methods disclosed in Japanese Patent LakJ-Open No. 3-62447 and Japanese Patent Laid-Open No. 

9-288998 has a structure that the overall polarity of the resin is raised to improve the sealing characteristics with the 

terminals of the electrodes made of metal. Therefore, the affinity with water is undesirably enhanced In spite of im- 
46 provement in the sealing characteristk:s. As a result, there arises a problem in that water Is undesirably introduced In 

the long tenm. 

SUMMARY OF THE INVENTION 

SO [0010] In view of the foregoing, an object of the present invention is to sufficiently maintain the sealing characteristics 
of leads of terminals of electrodes in the heat welding portion of the case without deterioration in the resistance against 
moisture penetration. Another object of the present invention to provide a nonaqueous-electrolyte secondary battery 
xhibiting excellent moisture resistance and long lifetime against charge-discharge cycles. 
[0011] To achieve the foregoing objects, according to one aspect of the present Invention, there is provided a non- 

ss aqueous-electrolyte secondary battery comprising: a case constituted by laminated films; a battery element accom- 
modated in the case and encapsulated in the case by heat welding: and leads of terminals of electrodes electrically 
conducted with th lectrodes which are expos d to the outside portion of the case such that the leads ar surrounded 
by heat-welded portions, wherein a portion of at least either of the leads of th terminals of the lectrodes corresponding 
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to the heat-welded portion is coated with an define adhesive layer containing a titanate coupling material and a coating 
layer mad of resin which Is the same as r sin which fomris the innemiost layer of each of th laminated films. 
[0012] As described above, the portions of the leads of the terminals of the electrodes corresponding to the heat- 
welded portions are coated with the olefine adhesive layer containing the titanate coupling material. Thus, the adhe- 
5 siveness of the metal leads of the terminals of the electrodes with respect to the resin can considerably be improved. 
[001 3] The olefine adhesive layer is provided for only the portions corresponding to the leads of the terminals of the 
electrodes. Therefore, enhancement of the affinity with respect to water occurs In very small regions. Hence it follows . 
that introduction of water can substantially be prevented. 

[001 4] As described above, the olefine adhesive layer is coated with the coating layer made of the resin which is the 
10 same as the resin which forms the innermost layer of each of the laminated films. The coating layer can be integrated 

with the case so that the adhesiveness is furthermore improved. Moreover, the olefine adhesive layer is coated with 

the foregoing coating layer so that introduction of water from the foregoing portion is satisfactorily prevented. 
[001 5] Other objocto. f ooturoo and odvantagoo of tho i nvontlon will bo ov i dont fr o m the f ol lowing det a iled dwy riptinn 

of the preferred embodiments described in conjunction wiUi the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0016) 

20 Fig. 1 isan explodedperspectiveviewshowinganexampleof the structure of a nonaqueous-electrolyte secondary 
battery according to the present invention; 

Fig. 2 is a schematic perspective view showing an example of the structure of the nonaqueous-electrolyte sec- 
ondary battery according to the present invention; 

Rg. 3 is a partially-broken schematic and perspective view showing a heat-welded portion of a case; and 
2S Fig. 4 is a cross sectional view showing a lead of a terminal of a negative electrode. 

DESCRIPTION OF THE PREFERRED EMBODItmENTS 

[0017] The structure of a nonaqueous-electrolyte secondary battery according to the present invention will now be 

30 described with reference to the drawings. 

[0018] The nonaqueous-electrolyte secondary battery according to the present invention is. for example, a solid 
electrolyte battery or a gel electrolyte batteiy. As shown in Figs. 1 and 2, a battery element 1 contains a solid electrolyte 
or a gelelectrolyte placed between an active material layer of a positive electrode and an active material layer of a 
negative electrode. The battery element 1 is accommodated in a case 2 constituted by laminated films. Then, the 

35 peripheral portion of the case 2 is welded with heat so that the battery element 1 is encapsulated. 

[0019] The battery element 1 is provided with a negative-electrode terminal lead 3 which is electrically connected to 
the negative electrode, which constitutes the battery element 1 , and a positive electrode terminal lead 4 which is elec- 
trically connected to the positive electrode. The negative-electrode terminal lead 3 and the positive electrode tenninal 
lead 4 are draw out to the outside portion of the case 2. 

40 [0020] The nonaqueous-electrolyte secondary battery according to the present invention has a structure that the 
negative-electrode terminal lead 3 and the positive electrode terminal lead 4 are held by heat-welded portions of the 
case 2 and exposed to the outside portion of the case 2 when the battery element 1 is encapsulated by the case 2. At 
least portions of the negative-electrode temiinal lead 3 and the positive electrode terminal lead 4 which are held by 
the laminated films and arranged to be welded with heat are attempted to realize a satisfactoiy adhesiveness with the 

4S metal which constitutes th temiinals and that with th Inn mrast layers of th laminated films. To achieve this, each 
ofth foregoing portions of the negative- lectrod terminal lead 3 and th positive electrod terminal lead 4 is coated 
with an olefin adh siv layer containing a titanate coupling mat rial and resin which is th sam as r sin which fomis 
the innermost layer of the laminated film. 

[0021 ] Th foregoing structure is shown in Fig. 3. The case 2 is constituted by three layers consisting of, for example, 
so a case protective layer 21 , an aluminum lay r 22 and a heat-welded lay r (the innermost layer of th laminate) 23. 
The peripheral portion of the case 2 is welded with h at so that the inside portion of the case 2 is sealed. Therefore, 
the peripheral portions of the case 2 each having a predetemiin d width sew as heat-welded portions 2a. The heat- 
welded layers 23 in the heat-w Ided portion 2a ar welded to each other with heat. 
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6. Fig. 4 shows an example of the structure for coating the negative-electrode terminal lead 3. The negative-electrode 
terminal lead 3 is first coated with the olefine adhesive layer 5. Then, the define adhesive layer 5 is coated with the 
coating layer 6 made of resin which is the same as resin for forming the innermost layer (the heat-weld d layer 23) of 
the laminated film which constitutes the case 2. 

s [0024] Th olefine resin for forming the olefine adhesive layer 5 may b any one of a variety of olefine resin materials, 
such as polyethylene, polypropylene, denatured polyethylene or denatured polypropylene, having a commercial mois- 
tureproofing grade. As an alternative to this, adhesive potyolefine resin may be employed which is represented by 
"BONDYNE" which is trade name of Sumitomo Chemical and "POLYTACK" which is trade name of Idemitsu Petro- 
chemistry. Note that a mixture of two or more types of the foregoing materials may be employed. The employed material 

10 is diluted in solvent, such as toluene, so that solution is prepared. Then, the surfaces of the leads of the terminals of 
the electrodes are coated with the foregoing solution by using a brush or a dispenser. Then, the wet portions are heated 
so as to be dried so that the olefine adhesive layer 5 is formed. 

[0025] — Then, a tit a n a te c ou p l ing mater i a l e x e mp l if ie d l at e r I s mixed in an adoquato quant i ty with tho oiofino Qdhoolvo 

layer 5. Thus, satisfactory adhesiveness with the metal constituting the terminals and that with the resin which consti- 

75 tutes the innermost layer of the laminated film can furthermore reliably be obtained without any deterioration in the 
moistu reproofing characteristic. 

[0026] The titanate coupling material is exemplified by tetraaikoxy titanium compounds expressed by general formula 
Tt(OR)4 (where R is carbon hydride), such as diisopropoxy bis (ethylacetoacetate) titanium, tetraisopropoxytitanium, 
tetra-n-butoxytltanium, tetrakis (2-ethylhexyk3xy) titanium, tetrastearyloxytltanium and tetramethoxytltanium or an 

20 acylate compound obtainable from reactions between the foregoing compound and carboxylic acid anhydride. 

[0027] Also any one of the following materials may be employed: titanium xylate compounds expressed by general 
formula (HOYO)2Ti(OR)2 or (H2NYO)2Ti(OR)2 (where each of Y and R is carbon hydride), such as diisopropoxybis 
(acetylacetonate) titanium, isopropoxy (2-ethyl-1, 3-hexanediorate) titanium, direction (2-ethylhexoxy) bis (2-ethyl-1, 
3-hexanediorate) titanium, di-n-butoxybis (triethanolaminate) titanium, tetraacetylacetate titanium, hydroxybis (lactate) 

25 and titanium. 

[0028] As an alternative to this, a titanate coupling material composed of a titanium compound or an alcoxypolytita- 
nylacylate compound selected from a group consisting of the following materials may be employed: isopropyl triiso- 
stealoyl titanate, isopropyltri-n-dodecylbenzenesulfonyl titanate, Isopropyltris (dioctylpyrophosphate) titanate, tetraiso- 
propylbis (dioctylphosphite) titanate, tetraoctylbis (ditridecylphosphite) titanate, tetra (2, 2-diaryloxymethyl-1 -butyl) bis 

30 (ditridecyl) phosphite titanate, bis (dioctylpyrophosphate) oxyacetate titanate, bis (dioctylpyrophosphate) ethylene ti- 
tanate, isopropyltrioctanoyi titanate, isopropyldimethacryloylisostealoyi titanium. Isopropylisostealoyldiacryl titanate, 
isopropyltri (dioctylphosphate) titanate, isopropyltricumylphenyl titanate and isopropyltri (N-aminoethyl, aminoethyl) 
titanate. The foregoing material may be employed solely or mixture of the foregoing materials may be employed. 
[0029] One of the foregoing materials may be employed or a mixture of two or more materials may be mixed with 

3S each other so as to be blended into the olefine adhesive layer 5. 

[0030] The coating layer 6 used to coat the olefine adhesive layer 5 Is made of the resin which is the same as the 
r sin which forms the innermost layer of the laminated film. Any one of a variety of the following olefine resin materials 
ach having the commercial moistureproofing grade may be employed: polyethylene, polypropylene, denatured poly- 
thylene and denatured polypropylene. As the bonding method, a film made of the foregoing olefine resin may be used, 

40 followed by contact-bonding the olefine resin film or by welding the same with heat. As an altemative to this, an Insert 
mowing method or the like may be employed. ... 

[0031] The electrode terminal leads (the negative-electrode terminal lead 3 and the positive electrode terminal lead 
4) are connected to the corresponding positive and negative electrodes. It is preferable that the material of the positive 
electrode terminal lead 4 is aluminum, titanium or their mixture from a viewpoint of realizing a high potential and a 
4S characteristic free from dissolution. It is preferable that the negative-electrode terminal lead 3 may be made of copper, 
nickel or their alloy. 

[0032] Since the negative-electrode terminal lead 3 made of nickel or the like some. times raises a problem of un- 
satisfactory adhesiveness, the olefine adhesive layer 5 and the coating layer 6 may be provided for only the negative- 
electrode terminal lead 3. 

so [0033] The innermost layer of the laminated film must have resistance against the electrolytic solution and penetration 
of moisture. To meet the foregoing requirements, it is preferable that polyethylene, polypropylene or a denatured ma- 
terial of polyethylene or polypropylene Is employed. The foregoing resin, however, suffers from poor adhesiveness 
with metal forming the terminals of the electrodes. To simply improve the adhesiveness with metal, It might be feasible 
to employ resin denatured with acrylic acid or maleic acid or resin having the polarity raised by an ionomer process. 

ss If the polarity is raised by the foregoing method, also affinity with water Is undesirably enhanced. In the foregoing case, 
only initial adhesiveness is realized. As the time elapses, water is introduced greatly as compared with the denatured 
material, causing th adhesiveness to det riorat . As a r suit, wat r in a larg quantity und sirably penetrates. There- 
fore, it is inadvisable to provide the foregoing olefine resin having th improved polarity for the Innermost layer of the 
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resin provkJed for the leads of the terminalsof the electrodeorthelam^^^^ 
which constitutes the terminals of the electrodes. 

[0034] In the present invention, the olefine adhesh^e layer 5 is formed on metal whK:h ^^^^f « J« 'f^^^^^^^^^^^ 
erminals of the'electrc^e. the olefine adhesive ^yer 5 c«.tain.g the ^'^^^^^^P^^^^^^ 
s quantity and having improved adhesh/eness with metal without detenoration of the 
Lefle.asatisfactory^tateotadhesion can be realized between metal consw^ 

electrodes and the olefine resin provided for the innermost layer of trtanate laminated film such that penetration of 

r r^oSr:^^^^^^ .yer S ^ made ^ the resin (the coa«ng .yer 6) which is the same as the 
,0 SrwhichlLestheinnermost^yerofthe^ 

absorbs moisture before use of the nonaqueous-electro^e secondary battery can be P;«^«"»^^^^"^« " '^"^^^ 
■ strong adhesion with the resin constrtutingtheinnemiost layer of thelaminatedfilm and hav^g the po^^^^^ 

r mi iJwii i iiipiuvBd, can Uh itfdI i z wJ by Ubiiiy Imal. ' [ ' . .u^ »»o„atn rnnniinn matarial bv 

[0036] The olefine adhesive agent has a stmcture that the olefine resin contains the trtanate coupling matenal by 

IS 0 9 wt% to 20 wt%. oreferably 0.5 wt% to 10 wl%. ^ . . 

" 7e ian% ol the titan^le coupling matenal Is 0.3 wl% or .mall», the ««;«.ir ^,"^^^^7^ 
Ifte Quantity is 20 ot larger, strong coagulaliw ol the titanato coupling matenal nhibte tamanon of a anxg 

material, it Is preferable that the quantity is 10 wt% or smaller . vi i. n c «r 

20 S] When the thickness of the olefine adhesive layer 5 contain»ig the titanate coupling ^^^^^^J;'^^ 
smalter the adhesiveness cannot be improved. If the thickness is 100 jim or laiger, the mechanical strength required 

oTraLTeZ.^^^^ 
clnotea^^^^^^^^^ 

2S SS7ttc'^'e"s'o.thecoatinglayer6,wh^ 

coupling material and which is made of the resin which is the same as the resin which constitutes the 
oXtem^ed film, is not less than 1 ^ nor more than 1 00 ^m. pref erab^. not less tfian 5 ^m nor "^^^^^ 
S the thickness 1 ^m or smaller, the effect of protecting the olefine adhesK/e byer 5 from moisture requ^^^ before 
use cabinet be reateed. If the thickness is 100 ^m or larger, an excessh/ely terge quantrty of water penetrates the 

fSS]'tLLpleandreliablemethodoffom,hgthecoatingteyer6on^ 
mTin^ybeemployed.lftheth«knessofthecoatinglayer6is5^ 

to bout 1 1n during the welding process. Therefore, it is preferable that the thickness °' Jhe «« "ng a^^^^ « 5 Mm 
or farger. T^e coating layer 6 is an intemtediate teyer between the olefine adhes^e layer 5 and — I^k^ 
as the teminated film. Therefore, an excesslve^r large thickness not required. To prevent a loss of e^tncrty and heat 
which are used during the heat welding process, it is preferable that the thfckness is 50 uni or smal er. _ 
S ] When the battery element 1 is a solid electrode battery or a gel electrode battery, a po^e n«tena <x 
Zr^g the solid polymer electrode may be any one of the follo^ri^^ 

ael DOIVDhosphagen denatured polymer, polyethylene oxide, polypropylene oxide, their composite polymer. 
« c'lffeToC r^^^^^^^^ polymer, fluorine potymer. for example, po^ (vinylidene 
orid.o-hexafLopolypropytene).poly{vinylidenefl^^^^^^^ 

fluoroethylene). Also a mixed mat relofthefor going materials may be mployed. As a matter of course, the polym 

mat rial is not limited t th foregoing mat rial. ■ ..^ th^ nocitiwAHfliflcttode active 

r00421 A method of obtaining the solW lectrolyte or the gel electrolyte laminated on the posrtive^ectrode active 
45 Kilayro^5^BngatK,e-eLrodeacth,ematerial^ 

S^ d7aUmrcompound.saltof lectrotyteandsolvent{andaptetfei2er»iacaseof thegelel c^^^^^^^^ 
• - l^rodeactiv material byer or th negative^lectrode active material layer. simpregnated^^^^^^^^^ 

Ston Then, th soh/ent is removed so that a solid electrolyte is obtained. The P°='^^«;f f ^^^^^^^ 
Tr^th negath^e- lectrode active materbl byer is impregnated ^th a portion of the solid ete^^^^^^^ 
^ ..IroH. ^iiu. m^tflriai laver or the n oative^lectrode active matenal layer so that the foregoing elec- 
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ypropylene), is employed. 

[0045] The lithium salt which is contained in the gel electrolyte or the polymer solid electrolyte may be lithium salt 
for use in a usual electrolytic solution of a batt ry. The lithium compound (salt) is exemplified by the following materials. 
Note that the present invention is not limited to the following materials. 

5 [0046] The lithium compound (salt) is exemplified by: lithium chloride, lithium bromide, lithium iodide, lithium chlorate, 
lithium perchlorate, lithium bromate, lithium iodate, lithium nitrate, lithium tetrafluoroborate, lithium hexafluorophos- 
phate. lithium acetate, bis (trifluoromethanesulfonyl) imidolithlum, LiAsFe. LiCFgSOa, UC (S02CF3)3. LIAICl4or LiSiFg. 
[0047] The foregoing lithium compound may be employed solely or a plurality of the lithium compounds may be 
mixed. It is preferable that LiPFe or LiBF4 is employed from a viewpoint of stability of oxidation and reduction. 

10 [0048] The lithium salt is dissolved at a concentration of 0.1 mol to 3.0 mol in the plasticizer in a case of the gel 
electrolyte, preferably 0.5 mol/litter to 2.0 mol/litter. 

[0049] The battery according to the present invention can be constituted by a method similar to a method for con- 

strtuting a conventiona l l ithium ion battery exc e p t f or t h e s t ructur e of the presen t i nvention in which t h e fo r egoing ge l 

electrolyte or the solid electrolyte containing the foregoing carbonic ester is employed. 

IS [0050] The material of the negative electrode of the lithium ion battery may be a material which is able to dope/ 
dedope lithium. The foregoing material of the negative electrode may be a carbon material, such as non-graphltizing 
carbon or a graphite material. Specifically, any one of the following carbon materials may be employed: pyrocarbon; 
cokes (pitch cokes, needle cokes or petroleum cokes); graphite; vitreous carbon, a sintered compact of an organic 
polymer compound (a material obtained by sintering phenol resin or furan resin at a proper temperature so as to be 

so carbonized); carbon fiber and active carbon. As an altemative to this, the material which is able to dope/dedope lithium 
may be a polymer material, such as polyacetylene or pofypyrrole, or oxide, such as SnO^. When the negative electrode 
. is manufactured from any one of the foregoing materials, a known binder and the like may be added. ( 
[0051] The positive electrode may be manufactured by using metal oxide, metal sulfide or a specific polymer to 
correspond to the type of the required battery. When the lithium ion battery is manufactured, the active material of the 

25 positive electrode may be any one of the following materials: metal sulfide or oxide which does not contain lithium, for 
example, TIS2, M0S2. NbSe2 or V2O5; or composite lithium oxide mainly composed of LixM02 (where M is one or more 
types of transition metal and x which varies depending on the state of charge/discharge of the battery is usually not 
less than 0.05 nor more than 1.10). It is preferable that the transition metal M which constitutes the composite lithium 
oxide is Co, Ni, Mn or the like. The composite lithium oxkJe is exemplified by LiCoO^, LiNiOg, LiNiyCoi.y02 (where 0 

30 < y < 1) and UMn2 O4. The foregoing composite lithium oxide is an active material for the positive electrode which Is 
capable of generating high voltage and which exhibits a satisfactory energy density. Plural types of the foregoing active 
materials may be contained in the positive electrode. When the active material is employed to manufacture the positive 
electrode, a known conductive material and a binder may be added. 

^ Examples 

[0052] Examples and comparative examples of the present invention will now be described on the basis of results 
of experiments. 

^ Manufacture of Sample Batteries 

[0053] Initially, the negative electrode was manufactured as follows. 

[0054] Ninety parts by weight of powder of graphite and 10 parts by weight of poly (vinylidenefluoride-co-hexafluor- ^ 
opropylene) sen/Ing as the binder were mixed with each other so that a mix for the negative electrode was prepared. 

45 Then, the mix for the negative electrode was dispersed in N-methyl-2-pyrolidone so that slurry was obtained. The slurry 
was uniformly applied to either side of elongated copper foil which was a collector for the negative electrode and whtoh 
had a thickness of 10 ^m. Then, wet slurry was dried, and then a compression molding process was performed by 
operating a roll pressing machine. Thus, the negative electrode was manufactured. 
[0055] On the other hand, the positive electrode was manufactured as follows. 

so [0056] To obtain a positive-electrode active material (LiCo02), lithium carbonate and cobalt carbonate were mixed 
with each other at a ratio of 0.5 mol:l mol. Then, the mixture was baked In air at 900"C for 5 hours. Then, 91 parts by 
weight of obtained LiCo02. 6 parts by weight of graphite sending as a conducting material and 10 parts by weight of 
poly (viny lidenefluoride-co-hexaf loropolypropylene) were mixed with one another so that a mix for the positive electrode 
was prepared. Then, the mix for the positive electrode was dispersed in N-methyl-2-pyrolidone so that slurry was 

ss obtained. The slurry was uniformly applied to elongated aluminum foil which was a collector of the positive electrode 
and which had a thickness of 20 \xm. Then, wet slurry was dried, and then a compressbn molding process was per- 
formed by op rating a roll pressing machine. Thus, the poisitive electrode was manufactured. 
[0057] The g I electrolyte was obtained as follows. 
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[0058] Each of the negative electrode and the positiv electrode was uniformly coat d with solution and impregnated 
with the same which was obtained as follows: 10 parts by weight of poly (vinylidenefluoride-co-hexafluoropolypropyl- 
ene) having a w ight average molecular weight Mw which was 600.000 and 60 parts by weight of diethyl carbonat 
were rhixed and dissolved in 30 parts by weight of a plasticizer composed of 42.5 parts by weight of ethylene carbonate 
s (EC), 42.5 parts by weight of polypropylene carbonate (PC) and 15 parts by weight of LiPFg. Then, the negative elec-' 
trode and the positive electrode were allowed to stand at room temperatures for 8 hours. Then, dimethyl carlsonate 
was vaporized and removed so that a gel electrolyte was obtained. 

[0059] The negative electrode and the positive electrode which were coated with the gel electrolyte were pressed 
against each other such that the gel electrolyte portions faced each other. As a result, a flat gel electrolyte battery 
10 having a size 2.5 cm X 4.0 cm and a thickness of 0.3 mm was manufactured. 

[0060] A lead of the terminal of the positive electrode made of aluminum and a lead of the terminal of the negative 
electrode made of nickel were welded to portions of the electrodes on each of which the active material layer was not 

appli ed (th e alum i nu m f o il port io n o f the posi t iv e e le c t rod e an d th e copper f o il portion of th e n e gativ e e lectrode). Th e n, 

the battery element was inserted into an encapsulating medium constituted by the laminated film. Then, the laminated 
IS film was welded with heat under conditions of 200^C and 10 seconds such that the width of sealing was 5 mm. Thus, 
test batteries were manufactured. 

Examples and Comparative Examples 

[0061] As shown in Table 1 , the composition of the nnaterial, the quantity of the contained titanate coupling material, 
the thickness of the adhesive layer on the lead of the terminal, the thickness of the oleflne resin (the coating layer) 
applied to the adhesive layer and the terminal subjected to the process were varied to manufacture sample batteries 
by the above-mentioned method of manufacturing the test battery. 

[0062] When only either of the positive electrode or the negative electrode was subjected to the process, the adhesive 
agent was not applied to the other electrode. Similarly to the innermost layer of the laminated film, only the resin film 
was previously welded with heat 
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Table 1 



5 




Composition of 
Material 


Quantity of 
Contained 
Coupling Material 
(wt%) 


Thickness of 
Adhesive Layer 

on Lead or 
Terminal (fim) 


10 


Example 1 


A-a 


3 


15 




Example 2 








IS 


Example 3 










Example 4 


A-b 


7 


3 




Example 5 








20 


Example 6 










Example 7 


A-c 


5 


10 


2S 


Example 8 










Example 9 










Example 10 


B-a 


5 


10 . 


30 


Example 11 










Example 12 








3S 


Example 13 


B-b 


8 


10 


Example 14 










Example 15 








40 


Example 16 


B-c 


4 


15 




Example 17 
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Example 18 



Example 19 



Example 20 



Example 21 



Example 22 



Fvample 21 



C-a 



C-b 



15 



Example 24 



Example 25 



Example 26 



Example 27 



Comparative 
Example 1 



Comparative 
Example 2 



Comparative 
Example 3 



Comparative 
Example 4 



Comparative 
Example 5 



Comparative 
Example 6 



Comparative 
Example 7 



Comparative 



C-c 



A-a 



A-b 



A-c 



0.1 



0.4 



12 



10 



15 



0.3 



120 



0.7 



10 
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5 


Comparative 

Example 9 


D-d 








Comparative 
Example 10 


E-e 






10 


Comparative 
Example 11 


F-f 









Thickness of Olefine Resin Applied to 
Adhesive Layer (^m) 


Temninal Subjected to Process 


Example 1 




only Al for positive electrode 


Example 2 




only Nl for negative electrode 


Example 3 




both of positive and negative electrodes 


Example 4 


30 


only Al for positive electrode 


Example 5 




only Ni for negative electrode 


Example 6 




both of positive and negative electrodes 


Example 7 


20 


only Al for positive electrode 


Example 8 




only Ni for negative electrode 


Example 9 




both of positive and negative electrodes 


Example 10 


15 


only Al for positive electrode 


Example 1 1 




only NI for negative electrode 


Example 12 




both of positive and negative electrodes 


Example 13 


20 


only Al for positive electrode 


Example 14 




only Ni for negative electrode 


Example 15 




both of positive and negative electrodes 


Example 16 


20 


only Al for positive electrode 


Example 17 




only Ni for negative electrode 


Example 18 




both of positive and negative electrodes 


Example 19 


20 


only Al for positive electrode 


Example 20 




only Ni for negative electrode 


Example 21 




both of positive and negative electrodes 


Example 22 


30 


only Al for positive electrode 


Example 23 




only Ni for negative electrode 


Example 24 




both of positive and negative electrodes 


Example 25 


15 


only Al for positive electrode 


Example 26 




only Ni for negative electrode 


Example 27 




both of positive and negative electrodes 
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(continued) 







Thickness of Oletine Resin Applied to 

Arihp^K/fi Lpver (lutiI 


lenninai ouDjecieo lo riocoss 


s 


Comparative Example 1 


150 


both of positive and negative electrodes 




Comparative Example 2 


1 






Comparative Example 3 


30 


both of positive and negative electrodes 


10 


Comparative Example 4 








Comparative Example 5 








Comparative Example 6 


20 


both of positive and neqative electrodes 




Comparative Example? 






IS 


Comparative Examples 








Comparative Example 9 


100 


both of positive and negative electrodes 




Comparative Example 10 






20 


Comparative Example 11 







[0063] The resin for use to form the innermost layer of the laminated film in Table was as follows. 



A: CPP (cast polypropylene) 
^ Ba RE (polyethylene) denatured CPP 

C: LLDPE (straight-chain low-density polyethylene) 
D: LLDEP denatured with maleic acid 
E: CPP denatured with maleic acid 
F: PE denatured with acrylic acid 

30 

[0064] The composition of the adhesive layer formed on the lead of the temiinal of the electrode was as follows: 

a: A mixed material composed of 20 wt% EPR (ethylenepropylene rubber), 40 wt% toluene and 40 wt% xylene 
was mixed and dissolved at 60»C, followed by adding diisopropoxybis (ethylacetoacetate) titanium was added in 
35 such a manner that the composition shown in Table 1 was realized. After application, the applied solution was 
dried at 150*C for one hour. 

b: A mix d mat rial composed of 20 wt% of CPP d natured with PE. 10 wt% of decalin and 70 wt% of toluene 
was mixed and dissolved at 40'C, followed by adding tetraisopropoxy titanium was added in such a manner that 
the composition shown in Table 1 was realized. After application, the applied solution was dried at 150'C for one 
^ hour. 

c; A mixed mat rial composed of 10 wt% of EPR, 10 wt% of CPP denatured with PE, 10 wt% of d calin and 70 
wt% of toluene was mix d and dissolved at 40*C, followed by adding tetra-n-butoxy titanium was added In such 
a mann r that the composition shown in Table 1 was realized. After application, the applied solution was dried at 
150*C for one hour. 
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thermo-hygrostat tank set to 40** C and 65 % which was the relative humidity to perform charg /discharg cycle tests 
at 2-hour discharge (1/2C) of theoretical capacity such that the charge and discharge were performed 500 times. Thus, 
retention ratios of th discharge capacities were measured. 
[0067] Results were shown in Table 2. 



Table 2 





Concentration of Water (ppm) 


Discharge Capacity Retention Ratb (%) 


Example 1 


3 


90 


Example 2 


3 


90 


Example 3 


2 


93 


Example A 


5 








98 


Example 5 


3 


90 


Example 6 


1 


95 


Example 7 


4 


89 


Example 8 


3 


91 


Example 9 


2 


97 


Example 10 


5 


90 


Example 11 


3 


90 


Example 12 


1 


96 


Example 13 


3 


91 


Example 14 


3 


91 


Example 1 5 


1 


96 


Example 16 


2 


91 


Example 17 


4 


90 


Example 18 


2 


93 


Example 19 


3 


92 


Example 20 


2 


92 


Example 21 


1 


95 


Example 22 


4 


90 


Example 23 


2 


91 


Example 24 


1 


96 


Example 25 


3 


90 


Example 26 


2 


91 


Example 27 


1 


95 


Comparative Example 1 


12 


70 


Comparative Example 2 


7 


78 


Comparative Example 3 


9 


75 


Comparative Example 4 


9 


77 


Comparative Example 5 


8 


75 


Comparative Example 6 


9 


80 


Comparative Example 7 


7 


78 
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Concentration of Water (ppm) 


Discharge Capacity Ret ntion Ratio (%) 


Comparative Example 8 


7 


77 


Comparative Example 9 


15 


68 


Comparative Example 10 


15 


70 


Comparative Example 11 


97 


30 



[0068] As can be understood from Table 2. Examples 1 to 27 structured such that the adhesiveness of the leads of 
the terminals of the electrodes were improved without dependency on the improvement in the polarity of the olefine 
resin and the adhesVe layer and t he oletine resin layer formed on the adhesive layer were caused to have optimum 
thicknesses such that excessive enlargement of the thicknesses were prevented were able to satisfactory prevent 
introduction of water. Therefore, satisfactory cycle resistance characteristics were confirmed. Comparative Examples 
1 to 8 were resulted in unsatisfactory moistureproofing characteristics as compared with the examples because the 
thicknesses of the layers were not optimized and the quantity of the coupling agent was not set properly Comparative 
Examples 9 to 11 resulted in furthermore unsatisfactory results because of the moisture absorption of the employed 
resin. ^ ^ 

[0069] As can be understood from the foregoing description, the present invention is able to maintain the adhesive- 
ness of the leads of the terminals of the electrode in the heat-welded portions with the case without deteriofation in 
the moistureproofing characteristics. As a result, a nonaqueous-electrolyte secondary battery exhibiting excellent mois- 
tureproofing characteristics and a long lifetime against charge/discharge cycles can be provided. 
[0070] Although the invention has been described In its preferred form and structure with a certain degree of partic- 
ularity, it is understood that the present disclosure of the preferred form can be changed in the details of construction 
and in the combination and arrangement of parts without departing from the spirit and the scope of the invention as 
hereinafter claimed. 



Claims 

1. A nonaqueous-electrolyte secondary battery comprising: 
a case constituted by laminated films; 

a battery element accommodated in saki case and encapsulated in said case by heat welding; and 

leads of terminals of electrodes electrically conducted with said electrodes which are exposed to the outside 
portion of said case such that said leads are surrounded by heat-welded portions, wherein 
a port ton of at least either of said leads of said terminals of said electrodes corresponding to said heat-wekJed 
portion is coated with an olefine adhesive layer containing a titanate coupling material and a coating layer 
made of resin whteh Is the same as resin whfch forms the innermost layer of each of said laminated films. 

2. A nonaqueous-electrolyte secondary battery according to claim 1 , wherein said lead of said terminal of said elec- 
trode coated with said olefine adhesive layer containing said titanate coupling material and said coating layer made 
of the resin which is the same as the resin which forms the innemnost layer of said laminated films is a lead of a 
terminal of an electrode for a negative electrode. 

3. A nonaqueous-electrolyte secondary battery according to claim 2. wherein said lead of said terminal of said elec- 
trode for said negative electrode is made of nickel. 

4. A nonaqueous-electrolyte secondary battery according to claim 1, wherein the quantity of said titanate coupling 
material contained in said olefine adhesive layer is 0.3 wt% to 20 wt%. 

5. A nonaqueous-electrolyte secondary battery according to claim 1 . wherein the thrckness of said olefine adhesive 
layer is 0.5 ^im to 100 iwn. 

6. A nonaqueous-electrolyte secondary battery according to claim 1 . wher in the thickness of said coating layer is 1 
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limtolOOpm. 

7. A nonaqueous-electrolyte secondary battery according to claim 1, wherein an electrolyte which constitutes said 
battery element Is a gel electrolyte or a solid electrolyte containing matrix polymer and lithium salt. 

s 

8. A nonaqueous-electrolyte secondary battery according to claim 7, wherein said matrix polymer Is polyvrnylldene- 
fluoride and/or copolymer of vinylldenefluoride and hexafluoropropylene. 

9. A nonaqueous-electrolyte secondary battery according to claim 1 , wherein said negative electrode which consti- 
10 tutes said battery element is a negative electrode containing a material which is capable of doping/dedoping lithium. 

1 0. A nonaqueous-electrolyte secondary battery according to claim 9, wherein said material which Is capable of doping/ 
dedoping lithium is a carhnn material. . . 

IS 11 . A nonaqueous-electrolyte secondary battery according to claim 1 . wherein said positive electrode which constitutes 
said battery element Is a positive electrode containing a composite oxide of lithium and transition metal. 
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